The ability of heat shock to induce functional protection against ultraviolet B (UVB) light was examined in keratinocytes cultured from human skin. Cell death, tneasured with fluorescent vital dyes, increased in a UVB dose-dependent manner (LDso"':' 20 -60 mJ/ C01 2 ). However, a 60-min heat shock at 40°C or 42"C, administered several hours before UVB irradiation, reduced cell death by 2.0 -2.5 times. Inducible protection took time to develop, with an optimal interval of -6 h between heat and UVB exposures. Heat-inducible protection was completely blocked if either cordycepin (3'-deoxyadenosine), to inhibit mRNA synthesis, or cycloheximide, to inhibit protein synthesis, were present during the heating period. To determine E xposure of the skin to ultraviolet (UV) light causes both acute (e.g .• sunburn) and chronic (e.g .• neoplasia) damage [1.2) . The UVB portion of the solar spectrum is responsible for most of this damage [3 .4] , although other wavelengths such as UV A [5] and infrared appear to contribute to the damaging effects. both alone and in concert with UVB [1.6] .
Despite the biologic importance of UVB, the mechanisms of damage and subsequent pathways leading to epidermal cell death have been only partially characterized. In epidermis exposed to low or moderate doses of UVB. the presence of sunburn cells (SBes). isolated epidermal keratinocytes that display a shrunken cytoplasm, condensed nucleus. and fragmented nuclear chromatin [7 .8] . suggests that apoptosis may be an important form ofUVB-induced cell death. Apoptosis differs from the other major form of cell death, necrosis. in that apoptosis is characterized by individual cell shrinkage and by degradation of nuclear chromatin via an endogenous endonuclease (reviewed in [9 -12] ). At very high doses of UVB, however. epidermal keratinocytes die in homogeneous sheets in a manner consistent with necrosis [9] . suggesting that different mechanisms of cell death are probably involved at different UVB doses. This complexity makes the identification of molecular sites Manuscript received November 23. 1993 ; accepted for publication February 19. 1994 .
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whether apoptosis might be involved in UVB-induced keratinocyte death in this system, evidence for endonuclease activity was sought via in situ enzymatic labeling with terminal deoxynucleotidyl transferase and biotinylated-dUTP. Labeled nuclei were detected in UVB-irradiated cultures, and heat pretreatment at 6 h prior to UVB exposure « 60 mJ/cm 2 ) resulted in a 50% reduction in labeled nuclei. Overall, the data show that UVB-induced cell death in human keratinocyte cultures is attenuated by a heat-inducible mechanism that requires ongoing synthesis of mRNA and protein.
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Another difficulty in studying the mechanisms of cell death from solar UVB is the fact that non-UVB wavelengths can counteract the lethal effects of UVB. For example. cell survival after UVB is enhanced if cells are also exposed to visible light. causing photoreactivation [13.14] . The enzyme photolyase uses the energy from visible light to repair UV -induced thymidine dimers in DNA (reviewed in [15] ) . Another modulator ofUVB damage is heat. The sheer quantity of thermal energy present as infrared (IR) wavelengths in sunlight suggests that the effects of heat cannot be ignored [16] . Indeed. long-term heat exposure causes elastic tissue damage histologically sim.ilar to that caused by UVB [6] . However. short-term effects of heat in the context of acute UVB-damage have not been adequately explored.
We have been studying the responses of epidermal cells to heat shock and UVB, and were intrigued by the possibility of a protective interaction between heat and UVB. The idea that cells may utilize shared pathways to handle damage from heat or UVB is supported by the fact that both heat and UVB induce several heat shock proteins in keratinocytes [17] . and the fact that heat-conditioning is known to protect against certain forms of nonthermal injury, e.g." anoxia [18] . adriamycin exposure [19] . and high-energy bursts of radiant energy in the eye [20] . We recently tested the role of such overlapping, stress-protective mechanisms involving heat and UVB. and demonstrated that heat conditioning can improve survival after UVB damage in murine keratinocytes [21] . Here. the description of heat-inducible UVB protection is extended to human keratinocytes. Experiments are presented that define some further aspects of the heat-inducible protective mechanism. We show that the protective effect is dependent upon the sustained synthesis of 0022-202Xj94jS07.00 Copyright © 1994 by The Society for Investigative Dermatology. Inc.
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new RNAs and proteins during the heat-conditioning period. Also, the role of apoptosis after UVB exposure is examined by enzymatic labeling of nuclei in situ [22] . Heat-mediated reductions in apoptotic cells are shown to account for some, but not all, of the effects observed. These findings further define a heat-inducible stress response that can protect human epidermal cells against the lethal consequences of UVB exposure.
MATERIALS AND METHODS
Keratinocyte Culture Secondary cultures of human keratinocytes from neonatal foreskin or adult breast tissue were obtained from Clone tics Corporation (San Diego, CAl and maintained in keratinocyte growth medium (KGM), as previously described (23) . To effectively study the relationship of cellular stress responses to cell survival, conditions were selected to minimize the many variables that can affect the cellular stress response. These variables are complex and often poorly defined. For example, thermotolerance can vary widely in magnitude depending upon the presence or absence of serum, pH, various growth factors, and changes in proliferative state (24) . To minimize variability due to growth factors keratinocytes were grown without serum or fibroblast feeder layers. To minimize cell-cycle effects, keratinocytes were plated at near-saturation density (45,000 cells/cm 2 ) and maintained at least 3 d to insure maximal quiescence. In KGM, human keratinocytes attain a near-quiescent state at a density of 50,000 cells/ cm 2 , with fewer than 10% of cells proliferating [25] . Variability during UVB exposures was minimized by maintaining keratinocytes as a monolayer in low calcium [25, 26) to insure uniform delivery ofUVB light to every cell.
Light Sources and Radiometry A relatively pure source of UVB was created by modifying a 1000-watt xenon arc lamp with filters, as previously described [t 7). It should be emphasized that the light source featured a divergent beam designed to minimize diffraction and scattering from the walls of the microtiter wells.
Heat and UVB Exposure Protocols Heat conditioning was performed in Lauda/Brinkman Model RM-6 circulating water baths, as described earlier {23}. The temperature within the micro titer wells reached equilibrium by 2.5 min. For UVB exposures, media was replaced with phosphate-buffered saline (PBS) with 0.15 mM calcium. After exposure, PBS was replaced with KGM, and cells were returned to the 37'C incubator for 24 or48 h, as indicated.
Survival Assays Using Fluorescence Microscopy Colony-forming assays are impractical with normal keratinocytes, because the cells fail to grow if replated after attaining confluence [21, 25) ' Therefore, an alternative approach using two fluorescent vital dyes, fluorescein diacetate (FDA) and ethidium bromide (EB) [27,28}, was employed as described in our previous studies [17, 23) . Images of fluorescent cells under the Zeis Axiovert-M microscope were photographed on 35-mm color print film (Agfa or Kodak, ASA 400), and green (living) and orange (dead) cells counted from 4-X-6-inch prints. To avoid observer-generated sampling bias during this analysis, each microtiter well was first centered on low power (40X), then left stationary while the objective was changed to a higher power (200X) and the photograph taken. In later experiments, computer-assisted image analysis was instituted to allow the analysis of a greater number of ceUs, as previously described (21) .
Metabolic Inhibitors For RNA blockade studies, cordycepin (3' -deoxyadenosine; Sigma C-3394) was dissolved in KGM at a final concentration of 20 /1g/ml (8 X 1O-s M), and added to cell cultures 15 min prior to the conditioning period. For protein synthesis blockade experiments, cycloheximide (Sigma C-6255) in KGM at a concentration of 28 /1g/m1 (1 X 10-4 M) was added to cells 15 min prior to the conditioning period. Dose selection of these inhibitors is described in the Results section.
Terminal Deoxynucleotidyl Transferase-Mediated dUTP-Biotin Nick End Labeling (TUNEL) The assay described by Gavrieli et al (22) was modified as follows. At the termination of an experiment, keratinocytes growing on plastic coverslips were fixed overnight in 4% buffered formalin. Coverslips were then incubated with 20 /1g/ml of proteinase K (Sigma Chemical Co.) for 15 min at room temperature to strip the nuclei of proteins. The slides were washed twice in ultrapure water (2 min for each wash), and covered with 2% hydrogen peroxide for 5 min at room temperature to inactivate endogenous peroxidases. Covers lips were then rinsed with water, and dipped in terminal deoxynuc1eotidyl transferase (TdT) buffer (30 mM Trizma base, pH 7.2, 140 mM sodium cacodylate, 1 mM cobalt chloride).
The reaction mixture for DNA nick end-labeling was prepared by mixing 1 /11 TdT, 10/11 TdT buffer,S /11 CoCl 2 (the previous three items from a kit available from Boehringer-Mannheim), 1 /11 of a 1 : 4 dilution ofbiotin-16-dUTP (5 mM, Boehringer Mannheim) and 33 III water, for a total volume of THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 50/11. About 10/11 of this mixture (or enough to cover most of the coverslip) was added, and the coverslip incubated in a humid atmosphere at 37'C for 1 h. The reaction was terminated by placing the slides in TB buffer (300 mM sodium chloride, 30 mM sodium citrate) for 15 min at room temperature.
After another water rinse, the nonspecific binding sites were blocked with 2% solution of bovine serum albumin (BSA) for 10 min at room temperature. Coverslips were rinsed again, and immersed in PBS for 5 min. Detection ofbiotinylated-dUTP on DNA was accomplished as follows. Avidinconjugated peroxidase, prepared using the Vectastain ABC kit (Vector Labs, Burlingame, CAl, was added for 30 min at room temperature. The slides were then washed three times with PBS (5 min each), and stained using 3-amino-9-ethyl-carbazole (AEC), 200 mg/l in 0.1 M sodium acetate, pH 5.2, with 0.5 ml of 30% hydrogen peroxide added immediately before staining. The staining reaction was monitored at the microscope to achieve a uniform background intensity and to avoid overstaining (typical time, 3 min), and was terminated by multiple water rinses.
RESULTS
Heat Conditioning, Given Several Hours Before UVB Exposure, Renders Human Keratinocytes Resistant to the Lethal Effects ofUVB To address the question whether heat can modify UVB damage, protocols previously shown to demonstrate thermotolerance [17, 23] were altered. Cells were preconditioned at 40°C for 1 h, then irradiated with UVB at 6 h. Survival was assessed at 48 h using the FDA/EB assay. Figure 1 illustrates the results of a typical experiment. In control cultures (Fig lA) most cells in the monolayer were alive (green), with only an occasional dead cell (orange). After irradiation with 60 mJ/cm 2 UVB, more than half of the cells were dead (Fig lB) . However, if cultures were heat conditioned for 1 h at 40°C, starting 6 h prior to the UVB irradiation, then cell death was diminished significantly (Fig lC) . A slightly higher preconditioning temperature, 42°C, was also protective (Fig lD) . Heat conditioning alone, in the absence ofUVB, had no deleterious effect upon survival (not shown) .
The low-power views in Fig 1 illustrate the uneven distribution of dead cells across the culture plate. Local variations in cell survival are not surprising, given the dependence of stress responses upon local factors such as cell density and growth factor concentration. However, these variations do make it difficult to accurately quantitate cell survival by counting cells under the microscope. Attempts to first trypsin-release the cells and mix them prior to the FDA/EB assay gave highly variable results, perhaps due to membrane damage from UVB and trypsin. Ultimately, cells were left in sill!, and two different approaches were used to obtain statistically meaningful counts. The first approach was to count a single field from the same location (the exact center) of each culture dish, in multiple cultures for a given experimental condition. This method emphasizes biologic variability between cultures rather than topographic variations within a dish. A second method was to use a computer linked to a video camera on the microscope, allowing many more fields of cells to be counted and thus the question of selective cell detachment to be addressed. Computer-assisted counts confirmed that the protective effects in terms of percent survival were not due to selective losses of dead cells, because a constant number of cells/cm 2 in heatcompared to sham-conditioned cultures could be documented at any given UVB dose (see Tables 2 and 4 in [21] for examples of this type of analysis). Table I summarizes data obtained from four survival experiments. In the absence of heat conditioning, an inverse relationship between survival and UVB dose is evident, with the LDso occuring at a UVB dose between 20 and 60 mJ/cm 2 • Although variations in the LDso between experiments were observed, these variations were similar in magnitude to those observed in thermotolerance [23] and in UVB responses of murine keratinocytes [21] ; they probably can be attributed to a number of complex factors that differ between the batches of primary keratinocytes and media used in each experiment. In the presence of heat conditioning, the LDso increases to between 60 and 100 mJ/cm 2 . Comparing sham-conditioned to heat-conditioned cells at every UVB dose in Table I, significant protection is observed at 20, 60, and 100 mJ/cm 2 . At a dose of200 mJ/cm2, protection is 110 longer seen. TeDlperature and Time Dependence for the Development of UVB Protection To evaluate the influence of the conditioning temperature upon induction of UVB resistance. I-h pretreatments -were administered at either 40'C, 42°C, or 44°C. UVB was then administered to all dishes at 6 h . Results are shown in Table II . Whereas 40 ° C and 42 ° C appeared to offer equivalent survival protection, preconditioning at 44 ° C was not protective. Interestingly, a similar temperature profile (protection at 40°C and 42°C, but not at 44 ° C) was noted previously for thermotolerance in human keratinocytes [23] . However, for UVB protection in murine keratinocytes, all three temperatures were effective inducers of the response ( Previous work on the time dependence of inducible protective effects in keratinocytes had shown that several hours must elapse after the initial heat conditioning before thermo tolerance can develop [23] . Similarly, a time interval of 6 h between heat conditioning and subsequent UVB exposure was optimal for development ofUVB-resistance in mouse keratinocytes [21] . Here, human keratinocytes were sham or heat conditioned (42°C for 1 h) and then UVB irradiated (60 mJ/cm 2 ) at either 1, 6, or 24 h, and survival evaluated at 48 h. Heat conditioning resulted in UVB protection at 6, but not at 0 or 24 h (data not shown). This result HEAT-INDUCIBLE UVB RESISTANCE IN KERATINOCYTES 549 was identical to that seen earlier in the murine keratinocyte system [21] .
Development ofUVB Protection Requires mRNA Synthesis During the Heating Period In keratinocytes, both the acquisition of thermotolerance and the increases in heat-shock protein synthesis require active synthesis of new mRNA during the heatconditioning period [17, 23] . By analogy, if heat-inducible UVB protection were to share one or more biochemical pathways with other known stress responses, then the development ofheat-inducible UVB-protection might also require ongoing synthesis of new mRN As. Cordycepin (3' -deoxyadenosine) is an analog of adenosine that selectively inhibits message synthesis and processing [29] . and has been used extensively in studies requiring a metabolic blockade of new mRNA synthesis [30, 31] . Using a nontoxic dose of cordycepin shown earlier to effectively block heat-shock protein synthesis in human keratinocytes [23] . experiments were designed to test whether a blockade of message synthesis during heat shock might prevent the development of heat-inducible UVB protection ( Table   m) . As before, heat conditioning alone was effective at increasing survival after UVB (compare rolVs 1 and 3 in Table m ). However.
when cordycepin wa~ present during the heat administration, sur- vival in heat-conditioned cells was similar to that in 37"C controls (Table III , row 4). The apparent blockade of protection was not due to nonspecific toxicity of the inhibitor, as the presence of cordycepin itself did not lower survival (Table III , row 2). Therefore, it appears that ongoing synthesis of one or more essential mRNAs is required for the development of the inducible UVB-protective response.
Development ofUVB Protection Requires Protein Synthesis
During the Heating Period After demonstrating that mRNA synthesis is required for the development of heat-inducible UVB protection, a further question was whether or not translation products of the mRNAs might be essential for the development ofUVB protection. To address this question, cycloheximide was employed to inhibit protein.synth· esis during the time of heat conditioning.
Initial dosing experiments using 35S metabolic labeling demonstrated that a concentration of 10-4 M inhibited overall protein synthetic rates by > 90% during the l-h heat shock. Also, the inhibitor could be washed out after the heat shock with a complete return of protein synthesis to control levels, and was nontoxic (data not shown). Blockade experiments using 10-4 M cycloheximide were then carried out (Table IV) . Heat conditioning alone significantly increased survival (Table IV , row 1 versus 3), but when cycloheximide was present during the heat-conditioning period, the protective effect was abrogated (Table IV, row 4) . Cycloheximide alone was not generally toxic (Table IV , row 2). The data in Table IV strongly suggest that ongoing protein synthesis during the heatconditioning period is required for the development of enhanced UYB survival. These results might be explained by a functiona l requirement for one of the known heat-inducible proteins, such as hsp 72. Alternatively, the continual synthesis of one or more rapidly degraded proteins (not necessarily heat-shock proteins). might be necessary for the development of UYB protection.
Heat Pretreatment Causes a Reduction in UVB-Induced Apoptosis Because apoptosis constitutes one of the accepted mechanisms of UYB-induced keratinocyte death in the epidermis [7, 8] ' we decided to take a preliminary look at the effects of hyper- thermia upon apoptotic cell formation. An in-situ histochemical assay for the detection of apoptotic cells [22] was used to provide the required sensitivity and to preserve topographic information about individual cells. The assay is nicknamed "TUNEL" (TdT -mediated dUTP nick end labeling) because it employs terminal deoxynucleotidyl transferase (TdT) to label the 3' ends of nicked DNA with biotinylated-dUTP, which are then stained with avidin-col~ugated peroxidase.
Cultures of keratinocytes were either sham or heat conditioned, UVB irradiated at 6 h, and then fixed in formalin at 24 h and processed for visualization by TUNEL. The assay was done at 24 rather than 48 h because SBC formation in skin has been shown to be maximal at 24 h [7] . Figure 2 illustrates the results. UVB-irradiated cells are shown at the top, and appropriate controls on the bottom . At relatively low doses ofUVB (Fig 2A) , nuclear staining of shrunken apoptotic cells was detected. Their nuclei were smaller than the nuclei of normal cells, as confirmed by measurements using computer-assisted image analysis. The apoptotic nuclei measured 10.5 ± 1.9 11m (mean ± SD, n = 20 nuclei), significantly small er than the nuclei from unirradiated cells (19 .9 ± 6.7 11m). However, at higher UVB doses (Fig 2B) , two populations became apparent, one with small, dense, and shrunken nuclei (arrows) and the other with nuclei equal to or slightly larger than normal (28 .8 ± 6.2 11m, mean ± SD, with small "apoptotic" nuclei excluded). The last two panels in the figure are positive (Fig 2C) and negative (Fig 2D) controls, to demonstrate the specificity of the TUNEL method for DNA strand breaks. Differences in nuclear populations at low versus high UYB doses suggest several interpretations, subj ect to certain technical limitations. The subpopulation of large stained nuclei in Fig 2B, for example, may represent cells with DNA strand breaks caused by mechanisms other than an apoptosis-related endonuclease (e.g., via direct DNA damage by UVB) . The discontinuous nuclear sizes seen here are consistent with other evidence that apoptosis (with cell shrinkage) tends to occur at low UYB doses, whereas necrosis {with • Cycloheximide (1 X 10-' M) in medium was added to the cultures 15 min prioreo the start of the experiment. At time zero, cells were sham conditioned at 37 ° C or heat conditioned at 42°C for 1 h, the inhibitor removed by two 5-min washes with KGM, and cells allowed to recover at 37 'C for 5 h prior to UVll exposure (100 mJ/cm 2 ).
Percent survival values arc given as the mean ± SEM of four separate cultures. TdT left out of the staining procedure. ArrolVs, apoptotic cel ls; bar, 100 }.lm.
cell swelling) often predominates at higher UVB doses (see the Discussion section). Unfortunately, interpretation of the TUNEL data at doses higher than -60 mJ/cm 2 is problematic, because when a majority of nuclei stain positively, specific staining becomes difficult to distinguish from nonspecific background using this method. Therefore, only the TUNEL data at UVB doses below -60 mJ/cm 2 will be considered further below. The TUNEL technique, despite the above limitations, can give a reasonable estimate of dose response for apoptotic ce ll formation at low UVB doses. In Table V , keratinocytes were sham conditioned or heat conditioned, exposed to UVB at 6 h, stained with TUNEL at 24 h, and analyzed in an observer-blinded fashion. In the absence of heat conditioning, an increase in small TUNEL-stained nuclei was seen with increasing UVB dose (Table V,first data coltltlln). In heat-conditioned cells, the number of these nuclei was reduced. Within the relatively limited dose range of the TUNEL assay, heatrelated reductions in apoptotic cell number occurred at the same UV:B doses (20-60 mJ/cm 2 ) as did the reductions in dead cell number seen by the FDA/EB assay in Table I . Apparently heat-inducible protection was not an artifact of TUNEL processing, because ethidum bromide staining, in parallel cultures from the same experiment, also showed a reduction in UVB-induced cell death ( apoptotic cell numbers are reduced as a consequence of heat pretreatment, at least partially accounting for the overall reduction in cell death observed.
DISCUSSION
We have shown that a mild heat shock can provide transient protection against the lethal effects of UVB exposure in human keratinocytes. This inducible effect has many hallmarks of the mammalian stress response and closely resembles inducible thermotolerance in terms of time course, temperature dependence, and requirement for active mRNA and protein synthesis [17, 23] . Whereas an interactive, protective mechanism involving heat and UVB might seem inherently reasonable, based upon the growing perception that cellular stress responses are adaptive to a wide array of injurious agents (see below) , no direct demonstration of protective heat-UVB interactions at the level of cell survival were ava ilable before the recent description of heat-inducible UVB resistance in murine keratil1o- cytes [21] . In this paper, this protective phenomenon has been extended to human keratinocytes. In retrospect, interactions between cellular responses to heat and UVB might have been anticipated from overlaps in the sets of inducible genes whose expression is altered in response to heat and to a number of other injurious agents, such as heavy metals, anoxia, and oxidizing agents (reviewed in [32, 33] ). for UV light, it was previously known that short-wavelength UVC can induce a number of genes also inducible by heat, such as interleukin-1 [34] and metallothionein [35, 36] . Longer-wavelength UVB and UVA light can induce hsp 70 mRNA in mouse epidermis [37) , an interesting observation in view of the suspected importance of hsp 70 for resistance to thermal killing [38, 39] . However, the relevance of such changes in gene expression to changes in cell survival remain unclear, as the heat shock proteins hsp 70 and hsp 90 are not always induced by UVC [32, 40] , UVB [41] , or by UVA [42] , and induction of hsps is not always required to generate the increased survival seen in thermotolerant cells [43 -45] . Direct examinations of interactions between heat and UV light at the level of viability in mammalian cells previously showed either negligible effects or lethal interactions [40, 46] . We have now described a protective heat-UVB interaction that runs parallel to thermotolerance [17, 23] in terms of a similar time course, effective temperature range, and a correlation with increased heat-shock gene expression. Whether or not similar mechanisms are responsible for protection against heat and UVB remains to be seen.
Two aspects of the UVB protection response indicate that heatinducible changes in gene expression may be involved. First, a blockade on new mRNA synthesis prevents the development of UVB protection. Secondly, a blockade on protein synthesis also blocks UVB protection. In both instances, the metabolic inhibitors used here were present only during the initial heat-conditioning period, not during the subsequent recovery period prior to UVB exposure. Thus, specific heat-dependent changes in levels of one or more gene products are likely to be key elements in the mechanism underlying inducible UVB resistance. Identification of the putative mRNAs and proteins will be a challenge for future studies.
In terms of pathways leading to UVB-induced cell death, we have demonstrated via both morphologic and biochemical criteria that many dying keratinocytes (but perhaps not all) undergo apoptosis, and that the formation of these cells appears to be reduced by hyperthermic pretreatment. The data are clearest at low UVB doses (up to -60 mJ/cm 2 ), at which most of the labeled cells appear apoptotic. However, at doses >60 mJ/cm 2 , definitive conclusions cannot be drawn' from the TUNEL assay because of technical problems in the interpretation of non-specific staining in cultures containing predominantly dead cells. By morphology alone, however, most of the cells after high-dose UVB (100 mJ/cm 2 ) were flat, well adherent, and contained nuclei either normal or larger than normal in size, consistent with death by necrosis [9] . In human blood cells exposed to UVB, apoptosis occurs after mild injury (low dose UVB), but necrosis predominates after more severe injury (high-dose UVB) [47) . Such a bimodal response to injury may actually be quite common; similar responses have been described after exposure to ionizing (gamma) radiation [48) , calcium ionophore treatment [49] , and severe heat shock [50) . The fact that varying proportions of cells appear to undergo apoptosis or necrosis, depending upon the severity of injury, emphasizes the complexity of the mechanisms that regulate cell death. However, it does not diminish the potential significance of the heat-inducible protection described here, because hyperthermia exerts its protective effect both on the apoptotic cell population at low UVB doses and on the population of necrotic cells detected by the FDA/EB assay at higher UVB doses.
The existence of a heat-inducible, UVB-adaptive mechanism in keratinocytes seems physiologically reasonable from several points of view. Keratinocytes form the bulk of the epidermis, a tissue that serves as the principal barrier against solar radiation, and therefore might be expected to possess cellular mechanisms to protect against damage from UVB. The doses of UVB and heat employed in our THE JOURNAL OF INVESTIGATIVE DERMATOLOGY study are well within the dose ranges encountered in the natural environment. Interestingly, UVB and IR wavelengths account for most of the energy and harmful biologic effects associated with sunlight. UVB is usually considered the agent primarily responsible for sunburn and skin cancer [1, 2) . UVC, while even more effective than UVB in its ability to damage DNA, is normally absorbed by ozone and does not reach the Earth's surface [3, 51] . Among the longer wavelengths, UV A may cause some damage [5) but is quantitatively less important than IR, which makes up 40% of the incident energy at certain latitudes [16] . Chronic IR exposure (over months to years) causes a pattern of epidermal thickening and dermal elastic fiber fragmentation that resembles the damage seen after chronic UVB exposure [1) . Indeed, this type of chronic damage is potentiated when IR and UV exposures are combined [6] . In contrast, hyperthermia and UVB can interact in a protective fashion in an acute setting (24 h or less) in epidermal cells. This protective mechanism involves the activation of an inducible stress response, and requires the active synthesis of crucial mRNAs and proteins that remain to be identified. 24, 1945 to November 13, 1991 
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